Abstract-This paper deals with discrete cosine transform (DCT)-domain image resizing as compressed domain processing. Previous DCT-domain image resizing methods assume that all macroblocks are in the frame mode. In this paper, we propose an efficient method for DCT-domain image resizing with mixed field/frame-mode macroblocks. This method is developed from the investigation of the DCT-domain image resizing operation through a decomposition of matrix operations, from which we define new downsampling matrices for frame-and field-mode macroblocks. This leads to new frame-and field-mode resizing transformation matrices for DCT-domain image resizing. The proposed DCT-domain image resizing method can be used when there are mixed field/frame-mode macroblocks.
I. INTRODUCTION
M ANY image and video compression standards such as JPEG, MPEG-1, MPEG-2, and H.261 are based on discrete cosine transform (DCT) coding techniques. Video manipulation in the compressed domain can save computation by processing less data and reducing the conversion process between compressed and uncompressed data. There has been considerable research for processing images and videos directly in the DCT domain in the context of compressed domain processing [1] - [4] . Image resizing is a fundamental form of image manipulation. Some research has been performed for image resizing in the DCT domain [3] , [5] - [7] . MPEG-2 is specified as the video compression standard for digital television by the Advanced Television Systems Committee [8] . In MPEG-2, there are field and frame pictures to accommodate coding of progressive and interlaced video [9] . In a frame picture, either field or frame mode may be selected on a macroblock-by-macroblock basis for the improvement of coding efficiency. Hence there can be mixed field-and frame-mode macroblocks in MPEG-2 video compression. Fig. 1 shows the field and frame mode of a macroblock in the spatial domain. In Fig. 1 , and represent the vertical (row) and horizontal (column) index, respectively. Previous DCT-domain image resizing methods [3] , [5] - [7] assume that Manuscript received January 25, 1998; revised December 11, 1998 all macroblocks are in the frame mode. Hence we need a new method for DCT-domain image resizing when there are fieldand frame-mode macroblocks. In this paper, we propose an efficient method for DCT-domain image resizing with mixed field/frame-mode macroblocks. The organization of this paper is as follows. In Section II, we first describe a DCT-domain 2 : 1 image resizing method as a background. This method assumes that all macroblocks are in the frame mode. Section III presents the decomposition of a DCT-domain image resizing operation. We investigate the role of each matrix in the DCT-domain image resizing operation. In Section IV, we propose an efficient method for DCT-domain image resizing with mixed field/frame-mode macroblocks, using new field/frame-mode resizing transformation matrices. In Section V, we discuss a DCT-domain filtering operation for DCT-domain image resizing with mixed field/frame-mode macroblocks. Experimental results are shown in Section VI. A brief conclusion is presented in Section VII.
II. DCT-DOMAIN IMAGE RESIZING
This section describes a DCT-domain 2 : 1 image resizing method as a background, which is based on [5] . (This method is equivalent to the method in [7] .) We assume that the block size for DCT is 8 8, as in most video compression standards.
The 2 : 1 resizing transformation matrix is represented as (1) where is the DCT transform matrix, is a downsampling matrix, and is a matrix for low-pass filtering. The sizes of , , and are 8 8, 8 16 , and 16 16, respectively. The 2 : 1 downsampling matrix can be defined as
where is the 8 8 identity matrix and represents a Kronecker product.
The matrix is for low-pass filtering to reduce aliasing effects on the resized image. For 2 : 1 image resizing, can be defined as a simple truncation operation [5] , [7] Note that there can be many other ways to perform low-pass filtering in the DCT domain.
DCT domain resizing is block-based. For 2 : 1 resizing, 2 2 DCT blocks are converted to one DCT block. Since one DCT block is of size 8 8, one 16 16 block is converted to one 8 8 block for 2 : 1 resizing in the DCT domain. The 2 : 1 DCT-domain resizing operation can be represented as (4) where is a matrix of size 16 16 from 2 2 DCT blocks, is the 2 : 1 resized matrix in the DCT domain of size 8 8, and is the 2 : 1 resizing transformation matrix. For the luminance component, one macroblock (16 16) is resized to one DCT block (8 8) . For the 2 : 1 image resizing of the whole picture, the 2 : 1 DCT-domain resizing operation in (4) should be performed for all 16 16 blocks in the DCT domain. The 2 : 1 resizing transformation matrix can be precalculated as in (1) and is of size 8 16. Note that this method assumes that all macroblocks are in the frame mode.
III. DECOMPOSITION OF DCT-DOMAIN IMAGE RESIZING OPERATION
In this section, we present the decomposition of the DCTdomain image resizing operation described in Section II. By this way, we investigate the role of each matrix in the resizing operation. Based on this decomposition, we develop the method for field-mode as well as for frame-mode macroblocks.
From (1) and (4) 
Note that and . The operation in (6) can be decomposed into several steps (6)
The operation in (6) represents a low-pass filtering in the DCT domain.
The operation in (7) 
The downsampling matrix in (10) selects even lines of a macroblock in the vertical downsampling. This downsampling by corresponds to the subsampling of every two pixels in the spatial domain. Note that the downsampling matrix in (10) can be used only for frame-mode macroblocks in the vertical downsampling.
Finally, the operation in (9) represents the forward DCT to obtain the resized DCT block.
From the consideration of the decomposed steps in (6)- (9), we found that the DCT-domain resizing operation in (5) contains the four operations: low-pass filtering in the DCT domain (6), inverse DCT (7), 2 : 1 downsampling (8), and forward DCT (9) . Hence the operation in (4) represents 2 : 1 resizing in the DCT domain.
Based on this decomposition, we develop a new DCTdomain image resizing method for field-mode as well as frame-mode macroblocks in the next section.
IV. PROPOSED DCT-DOMAIN IMAGE RESIZING METHOD
In this section, we propose a new method for DCT-domain image resizing. We define new downsampling matrices for frame-and field-mode macroblocks. This leads to new frameand field-mode resizing transformation matrices for DCTdomain image resizing. This method can be used when there are mixed field-and frame-mode macroblocks.
Let 
The first eight rows of represent the even lines, and the last eight rows of represent the odd lines in the macroblock. We develop new frame-and field-mode downsampling matrices for frame-and field-mode macroblocks, respectively. In this method, the downsampling operation is performed by an averaging operation. Let and be the frame-and fieldmode downsampling matrices, respectively. 
Notice that can also be represented simply as (17) where is the identity matrix of size 8 8. Frame-and field-mode resizing transformation matrices are defined in terms of frame-and field-mode downsampling matrices, respectively. Let and be the frame-and fieldmode resizing transformation matrices, respectively. We define and as (18) and (19) The matrix can be further simplified by (17) and (19) (20)
The 2 : 1 DCT-domain resizing operation for a frame-mode macroblock is performed as (21) where is a frame-mode DCT-domain macroblock of size 16 16 and is the 2 : 1 resized DCT block of size 8 8. The 2 : 1 DCT-domain resizing operation for a field-mode macroblock is performed as (22) where is a field-mode DCT-domain macroblock of size 16 16 and is the 2 : 1 resized DCT block of size 8 8. Note that the horizontal image resizing operation is performed in the same way by in (21) and (22). This is because macroblock formation is the same in the horizontal direction for frame-and field-mode macroblocks.
V. DISCUSSION ON DCT-DOMAIN FILTERING
In this section, we discuss a DCT-domain low-pass filtering operation for DCT-domain image resizing with mixed field/frame-mode macroblocks.
In previous DCT-domain image resizing methods in [5] and [7] , low-pass filtering is performed in the DCT domain by in (3), as represented in (6) . It is a simple intrablock low-pass filtering by truncation in the DCT domain. However, the matrix in (3) in the DCT domain is not equivalent to a sharp low-pass filter in the discrete Fourier transform (DFT) domain [7] . The intrablock operation by in (3) does not correspond to a linear convolution in the spatial domain. Actually, this matrix operation by may produce visible aliasing and blocking artifacts. Moreover, the DCT-domain low-pass filtering by as in (3) would affect differently the field-and frame-mode macroblocks in the spatial domain. This may result in serious blocking artifacts between field-and frame-mode macroblocks.
To overcome the limitation by intrablock filtering, Neri et al. propose interblock filtering in the DCT domain [7] . However, this method would greatly increase the complexity, and it cannot be used when there are mixed field-and frame-mode macroblocks.
Considering these points, the implicit low-pass filtering operation as averaging by the downsampling matrices in (13) and (14) would be a good compromise for block-based DCTdomain image resizing. This low-pass filtering as averaging would not have any blocking artifact, and the filtering characteristics would be the same for field-and frame-mode macroblocks.
There might be a better method to perform low-pass filtering in the DCT domain for DCT-domain image resizing with moderate complexity, which could be done as future research. There has been some related research on filtering in the DCT domain [7] , [10] , [11] . The DCT-domain filtering can be incorporated in the DCT-domain image resizing operation. Note that the filtering characteristics should be the same for field-and frame-mode macroblocks to apply here.
VI. EXPERIMENTAL RESULTS
We performed experiments of DCT-domain 2 : 1 image resizing with mixed field/frame-mode macroblocks, in which the proposed method performed well. In this section, we present the results for one kind of image. Fig. 2 shows an original image of size 480 720 in the Flowergarden image sequence. Fig. 3 shows the Flowergarden image with mixed field/frame-mode macroblocks. In Fig. 3 , frame-mode macroblocks are displayed as original intensity, and field-mode macroblocks are displayed as reduced (darker) intensity. The field/frame mode of each macroblock is randomly generated. Fig. 4 shows the DCT-domain image resizing with mixed field/frame-mode macroblocks using the proposed method in Section IV. This result is obtained when there are mixed fieldand frame-mode macroblocks as in Fig. 3 .
VII. CONCLUSION
We proposed an efficient method for DCT-domain image resizing with mixed field/frame-mode macroblocks. This method especially can handle field-mode macroblocks. It is developed from the investigation of the DCT-domain image resizing operation through a decomposition of matrix operations. From the decomposition, we define new downsampling matrices for frame-and field-mode macroblocks, leading to new frameand field-mode sizing. In the discussion about DCT-domain filtering, we can see that a simple intrablock operation by truncation in the DCT domain for low-pass filtering my produce visible aliasing and block artifacts. We propose to perform the low-pass filtering implicitly as averaging by downsampling operations to avoid the blocking artifacts and the difference in the filtering characteristics between the field-and framemode macroblocks. Future research could be performed for more efficient low-pass filtering in the DCT domain for DCTdomain image resizing.
